In this paper, we report results of our near-infrared (NIR) photometric variability studies of the BL Lacertae object S5 0716+714. NIR photometric observations spread over 7 nights during our observing run April 2−9, 2007 at 1.8 meter telescope equipped with KASINICS (Korea Astronomy and Space Science Institute Near Infrared Camera System) and J, H, and Ks filters at Bohyunsan Optical Astronomy Observatory (BOAO), South Korea. We searched for intraday variability, short term variability and color variability in the BL Lac object. We have not detected any genuine intra-day variability in any of J, H, and Ks passbands in our observing run. Significant short term variability ∼ 32.6%, 20.5% and 18.2% have been detected in J, H, Ks passbands, respectively, and ∼ 11.9% in (J-H) color.
Introduction
Blazars constitute a small subclass of the most enigmatic class of radio-loud active galactic nuclei (AGNs) consisting of BL Lacertae objects (BL Lacs) and flat spectrum radio quasars (FSRQs) . BL Lacs show largely featureless optical continuum. Blazars exhibit strong flux variability at all wavelengths of the complete electromagnetic (EM) spectrum, strong polarization (> 3%) from radio to optical wavelengths, usually core dominated radio structures, and predominantly nonthermal radiation at all wavelengths. In a unified model of radio-loud AGNs based on the angle between the line of sight and the emitted jet from the source, blazars jets make angle of < 10
• from the line of sight (Urry & Padovani 1995) .
From the study of the spectral energy distributions (SEDs) of blazars, it is found that blazars SEDs have two peaks Ghisellini et al. 1998 ). The first component peaks at near-infrared (NIR)/optical in low energy peaked blazars (LBLs) and at UV/X-rays in high energy peaked blazars (HBLs). The second component peaks at GeV energies in LBLs and at TeV energies in HBLs. The EM emission is dominated by synchrotron component at low energies and at high energies probably by the inverse Compton (IC) component (Coppi 1999 , Sikora & Madejski 2001 , Krawczynski 2004 ).
From observations of blazars, it is known that they vary on the diverse time scales ranging from a few minutes to several years. Blazars variability can be broadly divided into three classes viz. intra-day variability (IDV) or intra-night variability or micro-variability, short term variability and long term variability. Variations in flux of a few tenth of a magnitude over the course of a day or less is often known as IDV (Wagner & Witzel 1995) . Short and long term variabilities can have time scales from a few weeks to several months and several months to years, respectively.
First convincing optical IDV in blazar was reported by Miller et al. (1989) , and since then variability of blazars on diverse time scales in radio to optical bands have been studied extensively and results have been reported in large number of papers (e.g. Carini 1990; Mead et al. 1990; Takalo et al. 1992 Takalo et al. , 1996 Heidt & Wagner 1996; Sillanpää et al. 1996a Sillanpää et al. , 1996b Bai et al. 1998 Bai et al. , 1999 Fan et al. 1998 Fan et al. , 2002 Fan et al. , 2007 Xie, et al. 2002; Ciprini et al. 2003 Ciprini et al. , 2007 Gupta et al. 2004 Gupta et al. , 2008a Gupta et al. , 2008b Stalin et al. 2005 and references therein). In a recent paper, Gupta & Joshi (2005) have done statistical analysis of occurrence of optical IDV in different classes of AGNs. They divided their sample of 113 optical lights curves of blazars in three different time durations and found 64%(18/28), 63%(29/46), and 82%(32/39) blazars show IDV if observed for ≤3h, 3h to ≤6h, and >6h, respectively. S5 0716+714 (α 2000.0 = 07:21:53.4, δ 2000.0 = +71:20:36.4) is one of the brightest BL Lac object which has featureless optical continuum. The non detection of its host galaxy first sets a lower limit of redshift z > 0.3 , and then z > 0.52 (Sbarufatti et al. 2005) . Very recently, Nilsson et al. (2008) have claimed of its host galaxy detection which produces a "standard candle" value of z = 0.31 ± 0.08. Wagner & Witzel (1995) reported that the duty cycle of the source is one which implies that the source is almost always in the active state. The variability of S5 0716+714 has been studied in the complete EM spectrum on all time scales (e.g. Raiteri et al. 2003; Gupta et al. 2008a and references therein). Large and variable optical polarization in the source has been reported (Takalo et al. 1994; Fan et al. 1997; Impey et al. 2000) . Since 1994, this source has been extensively monitored in optical bands. There are 5 major optical outbursts reported in the source: at the beginning of 1995, in late 1997, in the fall of 2001, in March 2004 and in the beginning of 2007 Foschini et al. 2006; Gupta et al. 2008a ). These 5 outbursts give possible period of long term variability of ∼ 3.0±0.3 years.
Compared to radio and optical bands, there are only a few attempts to search for NIR flux variability on diverse timescales in blazars (e.g. Mead et al. 1990; Takalo et al. 1992; Gupta et al. 2004; Hagen-Thorn et al. 2006 and references therein). Since blazars emit radiations in the complete EM spectrum, they are ideal candidates for multiwavelength observations. But either due to unavailability of good quality NIR detectors or unavailability of low humidity observing sites at several 1-2 meter class NIR/optical telescopes around the world, there were no focused effort to search for NIR flux variability in LBLs in which SEDs synchrotron component peaks in NIR/optical bands. Now we have an excellent opportunity to carry out such observations from the Bohyunsan Optical Astronomy Observatory (BOAO), South Korea which has 1.8 meter telescope and is equipped with KASINICS (Korea Astronomy and Space Science Institute Near Infrared Camera System) (Moon et al. 2008) . We have recently started our long term pilot project to search for flux variability on diverse time scales in LBLs. Our present and future planned observations will fill the gap between radio and optical bands and will give deep insight into the important and less studied NIR flux variability properties of LBLs. Simultaneous radio to gamma-ray observations will be useful to detect the synchrotron and IC component peaks of LBLs from the SEDs and will be useful to understand the emission mechanism of LBLs in the complete EM spectrum. With this motivation, we recently carried out J, H, Ks bands photometric observations of our first target, the BL Lac object S5 0716+714 which is a LBL, in 7 observing nights during April 2 − April 9, 2007. The paper is structured as follows: section 2 describes observations and data reduction methods, in section 3 we mention our results, the discussions and conclusions of the present work is reported in section 4.
Observations and Data Reduction
The time-series observations of S5 0716+714 were carried out in J, H and Ks bands during April 2−9, 2007 using KASINICS mounted at the 1.8 m telescope of BOAO in South Korea. On April 4, observations were made only in J and Ks bands. The on-source integration time in each band was 120 sec throughout the observations except 60 sec on April 4. The KASINICS has field of view of ∼ 3.3 × 3.3 arcmin 2 with a 512 × 512 InSb array ALADDIN III Quadrant. Image frames were obtained in four dithered positions, offset by ≈ 15 arcsec. In all image frames of S5 0716+714, two standard stars, Star no. 3 and Star no. 5 of Villata et al. (1998) were always present.
Each image frame was processed to subtract the dark, to correct the pixel-to-pixel inhomogeneity (flat fielding), to remove the bad pixels and cosmic rays. In order to remove the sky background, we subtracted another dithered image at a different position from an object image frame. Then four dithered images were aligned and average-combined to improve the signal-to-noise (S/N) ratio. Instrumental magnitudes of the standard stars and the blazar in the processed image frames were measured by the aperture photometry. Data reductions and deriving the instrumental magnitudes were performed using standard routines in IRAF 1 (Image Reduction and Analysis Facility) software. Additional C programs were developed locally for automated data processing.
Since the object and the standard stars were observed in the same image frame, no correction for atmospheric extinction was done. Two standard stars in the blazar field were used to check the non-variable characteristics of standard stars and finally one standard star (Star no. 3) was used to calibrate the instrumental magnitudes of the blazar S5 0716+714. The reliability of the photometry is verified by differential magnitudes of standard stars (Star no. 5 − Star no. 3). The results remain consistent throughout the observations within 1 sigma of 0.021, 0.028 and 0.028 in J, H and Ks bands, respectively.
Results

Variability Detection Criterion
Time variability of the blazar S5 0716+714 is investigated by using the parameter C (Romero et al. 1999 ) defined as the average of C 1 and C 2
and
Using aperture photometry of the blazar and two standard stars in the blazar field, we determined the differential instrumental magnitude of the blazar − standard star A, blazar − standard star B and standard star A − standard star B. We determined observational scatter from blazar − standard star A (σ (BL − Star A)), blazar − standard star B (σ (BL − Star B)) and standard star A − standard star B (σ (Star A − Star B)).
If C > 2.57, the confidence limit of variability is 99%. The typical uncertainty level in our calculation of C parameter itself is 10−20%. Here we used Star no. 5 and 3 of Villata et al. (1998) as Star A and Star B respectively. J, H, Ks magnitude of these standard stars are taken from the 2MASS catalogue 2 (Skrutskie et al. 2006) . Final calibration of S5 0716+714 data is done by Star B (Star no. 3). Photometric software in IRAF does not give actual internal error of brightness but it gives photon noise. The internal photometric errors of brightness for each J, H and K s band are estimated using artificial add star experiment as described by Stetson (1987) . We found that the standard deviation (σ) in each J, H and K s band is ∼ 1.5 times larger than the typical photon noise. So, the typical photometric error in each J, H and K s band is ∼ 0.01 mag.
Intra-Day Variability J Passband
We observed the blazar S5 0716+714 on April 2, 3, 4, 6, 7, 8 and 9, 2007 in J passband. The light curves of the blazar (filled circles) and differential instrumental magnitude (star 5 -star 3) (filled triangles) with different arbitrary offsets are displayed in different panels in the left column of the Fig. 1 . Date of observations are marked in the panels. We performed the IDV detection test described above by equation (1), and got the value of C for April 2, 3, 4, 6, 7, 8 and 9, 2007 are 0.50, 0.75, 0.64, 0.50, 1.04, 1.83 and 2.30 , respectively (see Table  1 ), which confirms that the source has not shown genuine IDV on any night of our 7 nights of observations in J passband. Photometric data of the observing campaign in J passband is reported in Table 2 .
H Passband
We observed the blazar S5 0716+714 on April 2, 3, 6, 7, 8 and 9, 2007 in H passband. The light curves of the blazar (filled circles) and differential instrumental magnitude (star 5 -star 3) (filled triangles) with different arbitrary offsets are displayed in different panels in the middle column of the Fig. 1 . Date of observations are marked in the panels. We performed the IDV detection test described above by equation (1), and got the value of C for April 2, 3, 6, 7, 8 and 9, 2007 are 0.49, 0.79, 2.05, 0.62, 1.22 and 1.32, respectively (Table  1) , which confirms that the source has not shown genuine IDV on any night of our 6 nights of observations in H passband. Photometric data of the observing campaign in H passband is reported in Table 3 .
Ks Passband
We observed the blazar S5 0716+714 on April 2, 3, 4, 6, 7, 8 and 9, 2007 in Ks passband. The light curves of the blazar (filled circles) and differential instrumental magnitude (star 5 -star 3) (filled triangles) with different arbitrary offsets are displayed in different panels in the right column of the Fig. 1 . Date of observations are marked in the panels. We performed the IDV detection test described above by equation (1), and got the value of C for April 2, 3, 4, 6, 7, 8 and 9, 2007 are 7.00, 0.54, 0.63, 1.35, 0.78, 1.20 and 1.37, respectively (Table 1) , which confirms that the source has not shown genuine IDV on April 3, 4, 6, 7, 8 and 9, 2007 in Ks passband. The value of C on April 2, 2007 show the source has shown IDV but data points are only 2, so, its reliability is doubtful. Photometric data of the observing campaign in Ks passband is reported in Table 4 .
Short Term Variability
In Fig. 2 , nightly averaged light curves of S5 0716+714 (standard mag.) and comparison stars (differential instrumental mag. of Stars 3 and 5) in J, H, Ks, J−H and H−Ks are plotted in the different panels from bottom to top, respectively. Here we estimate the 99% confidence detection level of short term variability using the variability detection test described in section 3.1. For a specific date of observations, we have taken mean time of all the image frames in J , H and Ks bands and then converted the mean time in Julian date (JD).
Short term variability amplitude is calculated by using the following relation (Heidt & Wagner 1996) 
where A max and A min are the maximum and minimum magnitude in the calibrated light curve of the blazar in complete observing run. σ is the averaged measurement error of the blazar light curve. Errors in our determination of A are less than 1%.
J Passband
The short term light curve of S5 0716+714 in J passband is displayed in the bottom panel of Fig. 2 . The maximum variation noticed in the source is 0.325 mag (between its faintest level at 12.488 mag on JD 2454200.11894 and the brightest level at 12.163 mag on JD 2454194.08202). The value of C is calculated to be 7.05, which supports the existence of short term variation in the source in J band observations. We calculated short term variability amplitude using equation (2) and found that the source has varied ∼ 32.6%.
H Passband
The short term light curve of S5 0716+714 in H passband is displayed in the second panel from bottom in Fig. 2 . The maximum variation noticed in the source is 0.206 mag (between its faintest level at 11.731 mag on JD 2454200.11894 and the brightest level at 11.525 mag on JD 2454194.08202). The parameter C is 4.14, which supports the existence of short term variation in the source in H band observations. We calculated short term variability amplitude using equation (2) and found that source has varied ∼ 20.5%.
Ks Passband
The short term light curve of S5 0716+714 in Ks passband is displayed in the third panel from bottom in Fig. 2 . The maximum variation noticed in the source is 0.183 mag (between its faintest level at 10.936 mag on JD 2454200.11894 and the brightest level at 10.753 mag on JD 2454194.08202). The parameter C is 3.93, which supports the existence of short term variation in the source in Ks band observations. We calculated short term variability amplitude using equation (2) and found that source has varied ∼ 18.2%.
J−H Color
The short term light curve of S5 0716+714 in J−H color is displayed in the second panel from top in Fig. 2 . The maximum variation noticed in the source is 0.119 mag (between level at 0.757 mag on JD 2454200.11894 and at the level at 0.638 mag on JD 2454194.08202). The parameter C is 2.86, which supports the existence of short term variation in J−H color. We calculated short term variability amplitude using equation (2) and found that source has varied ∼ 11.9%.
H−Ks Color
The short term light curve of S5 0716+714 in H−Ks color is displayed in the top panel in Fig. 2 . The maximum variation noticed in the source is 0.061 mag (between level at 0.795 mag on JD 2454200.11894 and at the level at 0.734 mag on JD 2454197.14597). The parameter C is 1.78. Therefore, no H−Ks color variation in the source is detected in our observations.
Spectral Energy Distribution
Spectral behavior of the blazar S5 0716+714 in different nights of our observations are displayed by different symbols in Fig. 3 . S5 0716+714 is a LBL in which synchrotron component peaks in NIR/optical bands. The spectral behavior of the source in our 7 nights observations indicates that the synchrotron component would peak at wavelengths shorter than our J band. Since there is no simultaneous data in radio and optical bands, we cannot determine the peak position.
The source was brighter on April 3 compared to April 2, then it became fainter day after day until our last observation on April 9. The SED data of each day is fitted by a power-law function and we got the spectral index of −0.87, −0.76, −0.86, −0.88, −0.93, and −1.00 for April 2, 3, 6, 7, 8 and 9, respectively. The spectral index increases before the maximum brightness on April 3 and decreases after it down to −1. The changes in spectral index between the maximum (−0.76) and the minimum (−1.00) is 0.24. This SED variation is owing to the larger flux variation at shorter wavelengths and is consistent with the short-term variability amplitudes reported in section 3.3.
Discussions and Conclusions
From our multi-band NIR observations of the blazar S5 0716+714 in 7 observing nights in April 2007, genuine IDV in any of J, H and Ks is not detected. We noticed the existence of significant short term flux variability in the blazar from our observations. The total short term variation detected in our observations in J, H, Ks passbands are ∼ 32.6%, 20.5% and 18.2%, respectively. Our data show significant variation in J−H color (∼ 11.9%) but H−Ks color variation was not detected. The difference in short term variations in H and Ks passbands is only 2.3% which caused no genuine H−Ks color variation. We have noticed variable spectral index (ranging from −0.76 to −1.00) with a mean value of ∼ −0.88 in our observations. The variable spectral index is mainly due to variation in J band flux. We also found correlated flux and spectral index (higher the flux, higher the spectral index). We observed the source in the post outburst state. Outburst of the source was reported by Gupta et al. (2008a) in their January − February 2007 observations and they also noticed in their March 2007 observations, the source was becoming fainter than January − February 2007. S5 0716+714 was the target of three simultaneous multi-wavelength campaigns (Tagliaferri et al. 2003; Ostorero et al. 2006; Villata et al. 2008 ) and also several monitoring campaigns in single or two EM bands (e.g. radio-optical, optical and optical-X-ray) (Wag-ner et al. 1990; Quirrenbach et al. 1991; Sagar et al. 1999; Villata et al. 2000; Foschini et al. 2006; and references therein) . It has shown radio and optical IDVs during all radio to optical campaigns (Heeschen et al. 1987; Wagner et al. 1990 Wagner et al. , 1996 Ghisellini et al. 1997; Sagar et al. 1999; Quirrenbach et al. 2000; Raiteri et al. 2003; Agudo et al. 2006; Gupta et al. 2008a , and references therein). It is the first IDV source in which simultaneous variations in radio and optical bands were detected which indicated a possible intrinsic origin of the observed IDV (Wagner et al. 1990; Quirrenbach et al. 1991) . VLBI observations of the source over more than 20 years, show a very compact source at centimeter wavelengths with an evidence of a core-dominated jet extending several tens of milliarcseconds to the North (Eckart et al. 1986 (Eckart et al. , 1987 Witzel et al. 1988; Polatidis et al. 1995; Jorstad et al. 2001 ). The X-ray observations have shown strong variations with short flares (≈ 1000s) detected with the ROentgen SATellite (ROSAT) (Cappi et al. 1994) . The source was also detected in hard X-rays up to 60 keV when observed after the outburst state of 2000 (Tagliaferri et al. 2003) . It has been detected by Energetic Gamma-Ray Experiment Telescope (EGRET) onboard the Compton Gamma-Ray Observatory CGRO at GeV energies with steep γ−ray spectrum (Hartman et al. 1999) . But the soft γ−ray part of its SED is poorly known and upper limit of the source detection in 3−10 MeV energy from the imaging COMPton TELescope (COMPTEL) was reported by Collmar (2006) . An exceptional energy sampling data of the blazar was obtained in the simultaneous multi-wavelength observing campaign in November 2003 (Ostorero et al. 2006) . The source was very bright at radio frequencies and in a rather low optical state (R = 14.17 -13.64). Significant short term variability and IDV were detected in the radio bands. The source was not detected by INTEGRAL in the observing campaign but the upper limit of the source emission in 3−200 keV was estimated. On September 2007, the source was detected in γ−rays by the recently launched satellite Astro-rivelatore Gamma a Immagini LEggero (AGILE) (Villata et al. 2008 ).
Several models have been developed to explain the IDV and short term variability in radio-loud AGNs viz. the shock-in-jet models, accretion disk based models (e.g. Wagner & Witzel 1995; Urry & Padovani 1995; Ulrich et al. 1997 ; and references therein). For blazars in the outburst state, IDV and short term variability are strongly supported by the jet based models of radio-loud AGNs. In general, blazars emission in the outburst state is nonthermal Doppler boosted emission from jets (Blandford & Rees 1978; Marscher & Gear 1985; Marscher et al. 1992; Hughes et al. 1992 ). On the other hand, IDV and short term variability of blazars in the low-state can be explained by the models based on some kind of instability in the accretion disk (e.g. Mangalam & Wiita 1993; Chakrabarti & Wiita 1993 ).
Here we rule out the possibility of emission from the accretion disk because it is expected to be relevant only in the source low-state (the source was in the post outburst period). The source was in the outburst state ∼ 2 months before the present observations (Gupta et al. 2008a ). In the low-state, jet emission is less dominant over the thermal emission from the accretion disk. According to the unified scheme of radio-loud AGNs, blazars are seen nearly face on, so, any fluctuations on the accretion disk should produce a detectable change in the emission characteristics.
The observed short term variability in the blazar S5 0716+714 is possibly explained by the jet based model known as turbulent jet model. According to this model, Marscher et al. (1992) suggested that the Reynolds number in the relativistic jet should be very high which will cause turbulent jet plasma. The shock will impinge upon regions of slightly different magnetic field strengths, densities and velocities, so the observed flux is expected to vary. The timescales of this proposed type of variations are shorter and their amplitudes larger at higher frequencies. In the observations reported here, we got variability amplitudes of ∼ 32.6%, 20.5% and 18.2% in J, H, Ks bands, respectively, implying larger variations at higher frequencies. The relation between flux variation amplitude and frequency is confirmed from the SED and color variation.
Since the duty cycle of the source is 1, we may expect to detect IDV. However, we have not detected any genuine IDV in our observations. It might be due to less numbers of data points and short durations of the observing runs during each night, hence in the future we plan to observe the source for a longer time each night. This will allow us to collect more data points and possibly to have a higher signal-to-noise in order to have higher sensitivity to possible genuine IDVs.
We thank the referee for useful comments. We thank Yoon Ho Park and the staff at BOAO for their excellent support during our observations. 
